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Cold environments, such as glaciers, are large reservoirs of microbial life. The present study employed 16S rRNA gene amplicon 
metagenomic sequencing to survey the prokaryotic microbiota on Alaskan glacial ice, revealing a rich and diverse microbial 
community of some 2,500 species of bacteria and archaea. 
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Of the land surface in the world, >25% is classified as a cold 
environment, ranging from the Arctic tundra to glacier and 
polar ice. Biological activity in these low-temperature habitats is 
generally believed to be restricted. Glacial ice has been compared 
to extraterrestrial cold habitats (1), and permafrost/ glacial ice has 
been postulated to harbor the oldest microbial cells on Earth (2). 
Glaciers can be defined as simple, relatively closed ecosystems sus- 
tained by primary producers (e.g., photosynthetic bacteria and 
algae) in the snow and ice. 

Because nearly all resident organisms on glaciers are single- 
celled and unculturable, and even the largest glacier microorgan- 
isms have been historically misidentified, the best (and perhaps 
the only) way to gain insight into their community structure is by 
a metagenomic approach. Through the Earth Microbiome Project 
(EMP) (http://www.earthmicrobiome.org) (3), we have per- 
formed sequencing of a snow sample from Byron Glacier in Alaska 
(Global Positioning System [GPS] coordinates 60.762003 N, 
148.846545 W). This sample contained surface ice and snow 
collected in October 2011 from an avalanche cone close to sea 
level (depth, 2 m; elevation, 154 m); 1 liter of melted water was 
filtered with a 0.22-/i,m filter to remove larger particles. The 16S 
rRNA gene V4 region was amplified using the EMP standard proto- 
cols (http://www.earthmicrobiome.org/emp-standard-protocols) 
(4) and sequenced on an Illumina HiSeq platform, yielding 136,579 
reads of 151 bp. After removing entries with a Phred score below 20 
and those containing Ns, we obtained 25,018 sequences. 

Using mothur (5) with the Ribosomal Database Project (RDP) 
(6) and SILVA (7) databases, we performed an initial phylogenetic 
analysis and identified 2,459 operational taxonomic units (OTUs) 
at a 97% identity cutoff (species level). Proteobacteria (-40%) was 
the most abundant phylum of bacteria. Other sequences were clas- 
sified as follows: Bacteroidetes (-22%), Firmicutes (-12%), Acti- 
nobacteria (-9%), Cyanobacteria (-5%), Acidobacteria (-3%), 
Verrucomicrobia (-3%), and Planctomycetes (-2%). Most of the 
matches represented uncultured species, and yet species satura- 
tion was not reached. Despite the use of a lower-bound estimate, 



our initial analysis identified a much larger microbial community 
than was previously anticipated. For instance, an early report 
45 years ago (8) listed 354 algal and cyanobacterial species, 77 
fungal species, and 35 bacterial species that occur in snow. A re- 
cent metagenomic study of glacial ice in the German Alps (9) 
identified 72 bacterial OTUs at a 97% identity cutoff (and 108 
OTUs at a 99% cutoff). 

We also identified sequences of >30 archaeal species in our sam- 
ple. To our knowledge, this is the first report of archaea found in a 
glacier metagenome in the Northern Hemisphere (9, 10). Collec- 
tively, our data reveal an unexpected richness in this temperate glacial 
ecosystem, which may be consequential to the warm hydrated glacial 
ice that extends from the Pacific Northwest to Alaska. 

Nucleotide sequence accession number. The sequences ob- 
tained in this project have been deposited in the NCBI Short Read 
Archive under the accession no. SRP018522. 

ACKNOWLEDGMENTS 

This work was supported by NSF grants IOS-0820505 to RJ.D. and D.H.S. 
and DBI- 1126052 to A.G. 

REFERENCES 

1. Miteva VI, Sheridan PP, Brenchley JE. 2004. Phylogenetic and physio- 
logical diversity of microorganisms isolated from a deep Greenland glacier 
ice core. Appl. Environ. Microbiol. 70:202-213. 

2. Willerslev E, Hansen AJ, Poinar HN. 2004. Isolation of nucleic acids and 
cultures from fossil ice and permafrost. Trends Ecol. Evol. 19:141-147. 

3. Gilbert JA, Meyer F, Antonopoulos D, Balaji P, Brown CT, Desai N, 
Eisen JA, Evers D, Field D. 2010. Meeting report: the terabase metag- 
enomics workshop and the vision of an Earth Microbiome Project. Stand. 
Genomic Sci. 3:243-248. 

4. Caporaso JG, Lauber CL, Walters WA, Berg-Lyons D, Huntley J, Fierer N, 
Owens SM, Betley J, Fraser L, Bauer M, Gormley N, Gilbert JA, Smith G, 
Knight R. 2012. Ultra-high-throughput microbial community analysis on 
the Illumina HiSeq and MiSeq platforms. ISME J. 6:1621-1624. 

5. Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann M, Hollister EB, 
Lesniewski RA, Oakley BB, Parks DH, Robinson CJ, Sahl JW, Stres B, Thai- 
linger GG, Van Horn DJ, Weber CF. 2009. Introducing mothur: open-source, 



March/April 2013 Volume 1 Issue 2 e00099-13 



Genome Announcements 



genomea.asm.org 1 



Choudhari et al. 



platform-independent, community-supported software for describing and com- 
paring microbial communities. Appl. Environ. Microbiol. 75:7537-7541. 

6. Cole JR, Wang Q, Cardenas E, Fish J, Chai B, Farris RJ, Kulam-Syed- 
Mohideen AS, McGarrell DM, Marsh T, Garrity GM, Tiedje JM. 2009. 
The Ribosomal Database Project: improved alignments and new tools for 
rRNA analysis. Nucleic Acids Res. 37:D141-D145. 

7. Pruesse E, Quast C, Knittel K, Fuchs BM, Ludwig W, Peplies J, Glock- 
ner FO. 2007. Silva: a comprehensive online resource for quality checked 
and aligned ribosomal RNA sequence data compatible with ARB. Nucleic 
Acids Res. 35:7188-7196. 



8. Kol E. 1968. Kryobiologie: biologie und limnologie des schnees und eises. 
1. Kryovegetation, vol 24. E. Schweizerbart'sche Verlagsbuchhandlung 
(Nagele u. Obermiller), Stuttgart, Germany. 

9. Simon C, Wiezer A, Strittmatter AW, Daniel R. 2009. Phylogenetic 
diversity and metabolic potential revealed in a glacier ice metagenome. 
Appl. Environ. Microbiol. 75:7519-7526. 

10. Cameron KA, Hodson AJ, Osborn AM. 2012. Structure and diversity 
of bacterial, eukaryotic and archaeal communities in glacial cryoconite 
holes from the Arctic and the Antarctic. FEMS Microbiol. Ecol. 82: 
254-267. 



2 genomea.asm.org 



Genome Announcements 



March/April 2013 Volume 1 Issue 2 e00099-13 



